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THE VALUE OF PERCENTILE GRADES. 

By Luther Gulick, M.D. 
Read before the American Statistical Association, Feb. 10, 1893. 



This paper might be called with greater propriety "A 
criticism of a certain use of the Percentile Grade system."' 

It is with considerable diffidence that I present this paper 
to you, as I am aware of the blunders which novices so com- 
monly fall into, errors which might easily have been avoided 
had the w r ork been done by those more experienced, or hav- 
ing had better training. I am keenly conscious that there 
are few fields which offer more hidden traps for unwary feet 
than does that of statistical study. I venture, however, as it 
seems that there are few others who are at work on just this 
phase of these problems, and I feel sure that your discussions 
will show errors that I, as well as others, may avoid in the 
future. 

In estimating the value of work one must bear in mind the 
end for which it is done. The ends for which I have used 
Percentile Grades, and on which alone I can judge as to 
their value are, — 

Firsts to show as far as may be the bony and muscular 
form, function, growth, and proportions of homogeneous 
wholes, individuals, and classes as compared to each other, 
and also to make comparison between the different items in 
the whole, the class, and the individual. I use the term 
"homogeneous wholes," for it is unnecessary to explain that 
only such can be tabulated to any purpose. Thus, it would 
be of no value (for the purpose which I have mentioned) to 
tabulate the measurements of men and women together. 

Second^ to ascertain if possible those proportions and func- 
tions of the body which should be sought after. 
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Third, to awaken and maintain interest in physical exer- 
cise among those who need it. 

It will thus be seen at once that I exclude the ends for 
which the percentile grade system was designed, and for 
which it is surpassingly useful and reliable. I write simply 
from the standpoint of a teacher of physical education, who 
has used this method in the endeavor to secure certain definite 
results bearing on his work. The second aim is the one to 
which most particular attention has been directed. 

During the past six years we in this country have been 
treated to a flood of anthropometric data, which if carefully 
prepared would have been proved sufficient to put the whole 
subject on a far advanced plane. It is to be regretted, how- 
ever, that nearly all that has been done in this direction has 
been done without careful attention to method. The method 
which of late has been attracting the most attention is what 
seems to me an unjustifiable use of percentile grades. This 
scheme has been put to uses which not merely do not repre- 
sent facts, but disproves them, and proves falsities to be true. 

This method of statistical study in anthropometry has been 
adopted by our largest colleges, and has carried all before it. 
We have all been in the habit of having our measurements 
taken, then, and plotted on a chart, thus producing a line 
which purported to be a comparison of ourselves in all these 
different items with the normal standard, and which would 
enable us to compare each part of our body with every other 
part, in order to distinguish which parts were deficient. The 
whole being designated to stimulate us in our endeavors to 
acquire symmetrical forms according to this standard. 

No explanation has ever been given as to why this method 
should show these standards, nor, as far as I know, have any 
questions been asked in this direction. Coming from such 
eminent sources it has swept all things before it, and blinded 
the eyes of all who might otherwise have felt inclined to 
examine it more critically. 

We have before us a percentile chart. It is constructed 
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as follows : A large number of different individuals are 
measured uniformly. These measurements are then sorted 
and arranged in rows under each item so that the highest 
shall be at one extreme, the lowest at the other. Sometimes 
this is done by making piles of the cards on which the meas- 
urements have been taken. This, it seems to me, is a cumber- 
some method, and does not afford opportunity for adding 
to these lists, nor verifying them at a later time. But, by 
arranging them in tabular form in a book, and making a dot 
for each measurement, these difficulties are overcome. Let 
us say that we have ten thousand individuals from whom the 
chart is to be constructed, and that we have already arranged 
them in the way mentioned. We are now working, we will say, 
on Girth of Head. Counting one hundred from the lower end, 
we find that the one-hundreth card reads 525 M. We then 
set down this figure immediately after Girth of Head and 
mark it one per cent. This means that out of the ten thou- 
sand individuals one hundred, or one per cent, are either 
equal to or smaller than that figure. We then count off four 
hundred more, making a total of f\ve hundred, find our figure 
534, place it next beyond one per cent, and label it five per 
cent. We count five hundred more, coming to 540. This is 
ten per cent of the whole : we put this down, and so we go on 
making the divisions or the per cents as large or as small as 
we please. We take next Breadth of Head, and treat it 
similarly, placing the figures directly beneath Girth of Head, 
so that the one per cents come in the same column. We thus 
get all the measurements of the body, or measurements of 
the individual. We include not merely linear measurements, 
but all which are capable of numerical representation, such 
as strength, as shown by the dynamometer, capacity of lungs, 
and the like. We now have a percentile chart, and any given 
horizontal set of figures is a set of percentile grades, and forms 
a percentile class. 

This method of construction is the one in most common 
use, but is less accurate than that proposed by Mr. Francis 
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Galton. To use this chart we take the measurements of an 
individual in all the usual items, and make dots on the chart 
which correspond to the measurements of the individual in 
that item. We then connect these dots by a line This pro- 
duces a more or less broken line, which represents the abso- 
lute measures of the individual, and which purports to repre- 
sent his relations to the standard, and the relation of his parts 
to each other. Thus it is taken for granted that if a man's 
height falls under the twenty-five per cent class his weight 
should also fall there, the girth of his chest, and so on. The 
individual measured is now supposed to take this chart and 
endeavor to straighten his line. If the chest girth does not 
correspond with the rest of his line, he is to bring it up, if 
possible, to the standard by breathing exercises. 

This scheme is on its face delightful, for it does away with 
the assumed fallacy that all should be the same height. In a 
measure it appears to make every man his own standard, so 
that a man's forearm shall be in proportion to his wrist, and 
not to that of some one else, and it gives us a convenient way 
of representing the relation of the individual to the whole. 

Instead of taking an individual and thus plotting him, as 
it is called, we can take the mean measures of a class and 
plot them, showing how this class compares to this standard 
which has been secured. 

We have now constructed our percentile table, and we 
have before us the percentile grades concerning whose value 
we are inquiring. We are told that the fifty per cent is 
identical with the mean. By mean I refer to the value of a 
perpendicular in a binomial curve, which arising from its base 
extends to its summit. Thus, where there is no binomial curve 
there is no mean* The mean involves the operation of the 
law of variation. 

This percentile scheme, however, can be worked out for 
any class of objects whatever, whether they correspond or 
not to the law of variation. Thus we can get the percentile 
heights of all the chairs in this room, but it is highly improb- 
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able that we could get a true binomial curve from these 
heights, since we might easily find that the shortest or the 
highest chairs were the most numerous (or were more numer- 
ous than those of any other height). The percentile scheme 
implies that there is always a central standard. If we could 
measure all the bricks in the country we should find the 
great majority of them were a certain size than which there 
are few smaller, the variations being almost entirely towards 
the larger sizes. We could very easily arrange their dimen- 
sions in a percentile chart, but if w r e constructed a curve with 
them we should find that instead of being symmetrical the 
class of smallest bricks would have in it the greatest number, 
and from there it would slope down, by various jerks, to the 
largest brick that was made. I once arranged a percentile 
table of the age of members of a certain Toung Men's Chris- 
tian Association. The age limit was 17. I was able, how- 
ever, to grade them off very nicely, bringing the 50 per cent 
up to about 22. I then constructed a curve, but found that 
there were more individuals at 17 than at any other point, 
18 coming next, 19 next, and all forming a regularly descend- 
ing line, though not a binomial curve. Thus, this objection 
is simply that we must construct the curve for each item, or 
in some way establish that it is a true binomial curve before 
we have any right to make it conform to the percentile 
scheme. This is the first difficulty. 

Second, it is assumed that the various items are so related 
that taking any given percentile grade in each we shall have 
a set of numerical values that will represent the symmetrical 
man. Thus because five per cent of men have a weight of 
51 kilos, and five per cent of men have a height of 1.625 M., 
and fiYQ per cent of men can lift but 112 kilos, therefore the 
individual man who is 1.625 in height ought to weigh 51 
kilos, and should be able to lift but 112 kilos. This can per- 
haps be answered by an examination of a percentile table, 
which is included on an accompanying sheet. 
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It is only fair to Dr. Hitchcock to say that he apparently 
has fallen into the error that is under discussion, for the claim 
that it is a a standard of symmetry " is not made for it. This 
particular table is used in preference to those from elsewhere, 
inasmuch as the same measurements from which it was con- 
structed have also been treated in other ways, and thus form 
an unusual opportunity for the comparison of methods. 

At the extreme left is the column indicating the per cents. 
Thus we notice under five per cent weight 51 kilos, and 
height 1.625 M. This means that five per cent of the total 
number examined fell below 51 kilos in weight, and below 
1.625 M. in height. Looking along further in the same 
column we find under chest dip 0, and under chest pull up 3. 
Thus five per cent of men cannot dip at all, and can pull up 
3 times or less. There is no question that each of these 
items gives us a definite and useful fact. It is now assumed 
by some that because a given man weighs 51 kilos that there- 
fore he ought to be but 1.625 M. in height, pull himself up 
but three times, and not dip at all. In other words, that 
these figures in any given column of per cents represents the 
symmetrical standard. In Table II, column B, we find the 
measurements of all men who are from 1.620-1.630 in height 
averaged. Note that they can dip 8.8 times, and pull up 10.6. 
Turn again to the percentile and note that the man 1.827 M. 
in height can or should, if the assumption is true, dip 14 and 
pull up 16 times. Turning again to Table II, note column 
C, which gives the average measurements of the man between 
1.820 and 1.830 in height. The man of this height can dip 
but 5.6 and pull up 8.1 times. Thus we secure two sets of 
results. The man 1.625 in height pulls up either 3 or 10.6 
times, and the man 1.825 in height pulls up either 16 or 8.1 
times, according to the method employed in tabulation. 

It will doubtless be objected that only items that are more 
closely related than are height and strength should be tabu- 
lated into percentile classes and be expected to produce 
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Weight. 



Stature.. 



Sternum . 
Navel . . . 
Pubes . . . 
Sitting .. 
Knee 



61.2 
Kilos. 



M. M. 

1,725 



1,410 

1,030 

860 

903 

476 



B. 



1,620 



1,300 
962 
810 
869 
439 



C. 



68.3 



1,820 



1,480 

1,090 

919 

939 

519 



R. Sh. Elbow.. 
L. Sh. Elbow. . 
R. Elbow Tip. 
L. Elbow Tip.. 



$ i Right Foot. 

g Left Foot 

^ I Stretch of Arms. . 
[ Horiz. Length. . . 



373 
371 
461 
459 
260 
259 
1,780 
1,732 



^351 



1,690 
1,640 



395 
486 

274 

1,890 
1,820 



Head 

Neck 

Chest, repose — 

Chest, full 

Belly. 

Hips 

Right Thigh 

Left Thigh 

Right Knee 

Left Knee 

Right Calf 

Left Calf 

Right Instep. .. 

Left Instep 

R. U. Arm 

L. U. Arm 

R. U. A., cont.. 
Right Elbow. .. 

Left Elbow 

Right Forearm. 

Left Forearm . . 

Right Wrist. . . . 

I Left Wrist 



Head 

Neck 

Shoulders . 
Nipples — 

Waist 

Hips 



Lungs 

Back 

Legs 

R. Forearm . . 
Left Forearm . 



H I 

S I Dip 

£ I Pun up 



572 
349 
880 
927 
724 
893 
517 
512 
361 
359 
359 
349 
245 
242 
257 
253 
295 
251 
247 
267 
261 
166 
165 



155 
108 
430 
198 
250 
323 



Kilos. 
1.5 
137 
166 
41.5 
38.1 
No. of times. 
6 
9 



562 
340 
854 



J 500 
| 341 
J 332 
| 231 

| 246 

280 
J 240 

J 250 

[l61 



151 
106 
418 
192 
245 
315 



1.4 
126 
147 



583 
356 
898 
953 
748 
922 

525 

368 

355 

246 

261 
300 
254 

266 

170 

156 
109 
440 
206 
263 
341 



1.1 
147 
174 

42 



5.6 
8.1 



Lung Capacity. 



Litres. 
3.77 



3.25 



PlLOSITY . 



Tenths of Body 
2.25 



2.4 



2.06 
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straight lines with symmetrical individuals. To answer this 
I refer you back to Table I. 

I have taken Dr. Hitchcock's averages for the men, 1.62 
and 1.82 M. tall, found in Table II, Columns B, C, and 
plotted them on this percentile chart (Table I). You 
notice that they do not correspond at all in certain particu- 
lars ; in other particulars they correspond very well. I have 
rearranged the items on the chart to a slight extent, so that 
all the bone lengths come together; otherwise the chart is in 
its original condition. It is first to be noted that the line of 
the man 1.620 M. in height pursues a course in the main 
between five and ten per cent as far as Horizontal Length. 
Here it takes a sudden drop and does not again reach the ten 
per cent line. Notice, similarly, that the man 1.820 M. in 
height (the lower line) makes a line similar in its general 
outline to the shorter man, but reversed from it. From this 
it is easy to deduce that the bone lengths vary with the 
height, but that the girths do not. Tall men have smaller 
muscles in proportion, and short men larger muscles in pro- 
portion, than would be indicated if the percentile line was 
accepted as the standard of symmetry. This assumption can 
be- shown in a humorous way by the following illustration: 
Because ten per cent of men wear full beards, and ten per 
cent also weigh 157 pounds or over, it does not follow that 
the man who wears a full beard should weigh 157 pounds or 
over. The relationship between these two items must be 
established before any such deduction could be made. 

Third. Another difficulty with this use of the percentile 
method for the objects stated is that it assumes that there 
are no different types, that there is but one standard of sym- 
metry. This would be like the assumption that there is but 
one standard for all different nationalities. If we could meas- 
ure all the individuals in the world, or at least a large pro- 
portion of them, we should no doubt get some interesting 
statistics, but to measure an indefinite number of African 
pygmies and Europeans and construct a percentile table from 
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them would be on its face absurd. We have different types 
of men, shown by the various forms of old Greek statues, any 
of whom may be said to be symmetrical. The same may be 
said of our modern athletes. 

More important, perhaps, than this is that there seems to 
be a difference in the proportions of tall men and short men, 
that is, growtli in girth of bone and muscle does not seem to 
correspond with growth in length of bone, so that as a matter 
of fact instead of finding that tall men are simply big little 
men we find that they have other standards, and are not 
similar in proportion to short men. Any scheme of statistical 
study which ignores this, or which renders its proof impossi- 
ble, is useless for the purpose mentioned at the opening of 
this paper. 

There is, however, another view that should be taken. 
The mean and the percentile scheme properly used show us 
what we are. These values have a wonderful stability and 
certainty. But we are told by some that this mean also tells 
us what we ought individually to he, giving us the ideal (not 
merely the type) of the race, the goal that is before us, and 
toward which we should all press. 

If we lived under ideal conditions, then it would be true 
that the mean would represent the central standard ; but we 
are not under ideal conditions, and securing the mean from 
us, as we are now, and affirming that it is the standard to 
which we should conform, would be like taking the mean of 
ten thousand cases of dyspepsia and saying that all should 
conform to the mean of these. It would be like taking the 
measures of the waists of ten thousand college girls, who 
notoriously do more mental and less physical work than they 
should, a great majority of whom have more or less constric- 
tion at the waist, and saying that this represents the standard 
around which the world revolves. It represents, and will 
continue to represent, the actual condition of things, arid will 
not change from century to century until the conditions 
change. Only by different conditions can we get a different 
mean. 
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It is the business of all reformers to spur people on, not 
towards a mean, not towards a central standard of what 
people already are, but towards an ideal. If it were true 
that the moral sense of as many people is too acute as it is 
true that the moral sense of the people is too blunt then the 
mean would represent the ideal, but who would wish to say 
that the mean of the moral sense of the people (if he had a 
method of ascertaining it) would represent the ideal toward 
which we should struggle? 

It follows, then, that no matter how accurate the mean, 
nor how desirable the percentile, scheme for the giving of 
light on certain difficult aspects of anthropology, it is of 
doubtful value, when used as indicated, for the securing of an 
ideal standard which shall be of practical value in directing 
physical exercise. 

I believe that it is incumbent upon those who criticise 
to suggest something better. I would suggest, then, that 
methods of anthropometric statistical study should be adopted 
which take nothing for granted, and which will allow any 
peculiarities or unexpected laws in physical growth, etc. to 
show themselves. 

I am at present working upon the following, for which, 
however, no special originality is claimed : I endeavor to 
secure, from as many gymnasia in the country as will co- 
operate with me, the measurements of those individuals who 
have lived, as far as may be ascertained, under approximately 
ideal conditions of work, and rest, and food for a term of 
years. These I propose to tabulate, forming a table which 
will appear somewhat like the percentile, but in which the 
mean of the individuals of each group in height will be taken, 
all tabulated together in the construction of the central class 
alone. Thus, if there are differences in structure they will 
show themselves. If there are not they will not. I shall 
not expect by this to get an ideal standard. I do expect, 
however, to get a standard which will be very much nearer 
the ideal than we could get by tabulating the measurements 
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of a great number of individuals, nearly all of whom are con- 
fessedly below par in most respects. 

In the brief discussion of the above paper it was evident that the 
impression was given that a general criticism of the percentile system 
was intended. I had no such thought in mind, for I recognize that 
in this method we have a way at arriving at many facts that are other- 
wise beyond us. What I did intend to criticise was, 1st, the assump- 
tion that the measurements of an individual should fall in a straight 
line on one of these charts ; and, 2nd, that this should be taken to be 
the standard of perfection in form. 



